Hepatopulmonary syndrome (HPS) is the one of the complication of liver cirrhosis with portal hypertension, irrespective of etiology, age and sex. It has also been observed in non cirrhotic portal hypertension and in acute hepatic conditions. Presence of hypoxemia or abnormal alveolar arterial oxygen tension with intrapulmonary vasodilation in liver cirrhosis is termed as HPS. Contrast echocardiogram is the better screening tool to demonstrate intrapulmonary shunt. Clinicians should be aware of other common chronic pulmonary and cardiac comorbid conditions, in particular COPD, tuberculosis, bronchial asthma and idiopathic pulmonary fibrosis, etc. which may coexist with HPS. There is no specific clinical finding to diagnose but digital clubbing, cyanosis, dyspnoea, platypnoea, and spider naevi are more common among cirrhosis with HPS. The presence of HPS independently worsens prognosis of cirrhosis. Even though number of mechanisms have been proposed to explain arterial hypoxemia in HPS, role of nitric oxide is the major one along with cytokines. Liver transplantation is the choice of treatment though mortality is comparatively high. There is no still effective recommended medical therapy to reverse this condition and anti cytokine/ nitric oxide inhibitors, etc are under preliminary stage.
Introduction
Hepatopulmonary syndrome (HPS) is a pulmonary vascular disorder, complicating hepatic diseases, most frequently liver cirrhosis and even though it is an indication for liver transplant, it is responsible for an increased morbidity and mortality among patients awaiting liver transplantation. 1, 2 Interestingly, the relationship between hepatopulmonary syndrome and liver cirrhosis dates back to 1884 when Fluckiger first described based on an observation of a woman with cyanosis, clubbing and cirrhosis. 3 However, the term "Hepatopulmonary syndrome" was coined by Kennedy and Knudson in 1977 . 4 The prevalence of HPS in the setting of cirrhosis ranges between 4% -30%. [5] [6] [7] [8] Portopulmonary hypertension (POPH) is another distinct pulmonary complication of chronic liver disease but prevalence is 2-16% and is only considered proven, if other causes of the pulmonary hypertension than the high portal pressure are excluded. 5 Transplant hospitalization mortality was 16% in patients with HPS and 36% in patients with Portopulmonary hypertension. 9 
Definition
HPS may be classically defined by a widened alveolar -arterial oxygen gradient P (A-a)O 2 in room air (> 15 mmHg, or > 20 mmHg in patients > 64 years of age) with or without hypoxemia resulting from intrapulmonary vasodilation in the presence of hepatic dysfunction or por-medigraphic.com tal hypertension. [10] [11] [12] It is now evident that HPS can co exist with other cardio pulmonary abnormalities and can contribute to gas exchange abnormalities in this setting. 13, 14 In addition, as the P (A-a)O 2 normally increases with age and varies significantly even in healthy individuals, it is therefore recommended to use values above the 95% confidence interval for the age-corrected (P (Aa)O 2 to avoid over -diagnosis of HPS. 15 The intrapulmonary vasodilation is characterized by either diffuse or localized and, less commonly, pleural and pulmonary arteriovenous communications. Although HPS is predominantly seen in middle-aged patients without sex difference, it can also occur in children. 16, 17 
Etiopathogenesis
The etiopathogenesis of this syndrome remains unknown. The most commonly accepted hypothesis postulates that there is inadequate synthesis or metabolism of pulmonary vasoactive substances such as nitric oxide, prostaglandins, vasoactive intestinal peptide, calcitonin, glucagon, substance P and atrial natriuretic factor, by the impaired liver leading to a functional vasodilatation of the pulmonary vasculature producing hypoxemia. [18] [19] [20] [21] [22] [23] [24] [25] [26] HPS is found most commonly in the setting of cirrhosis, both less and advanced forms. [27] [28] [29] HPS is also recognized in patients with portal hypertension in the absence of cirrhosis such as in portal vein thrombosis, nodular regenerative hyperplasia, congenital hepatic fibrosis and Budd-Chiari syndrome [29] [30] [31] [32] and also in the setting of acute and chronic hepatitis in the absence of portal hypertension. 33, 34 Transient HPS is been reported in acute hepatitis A. 12 Following are the mechanisms underlying impaired gas exchange in HPS 35 a) changes in the affinity of hemoglobin for oxygen [36] [37] [38] b) intrapulmonary and portopulmonary shunt 6, [39] [40] [41] [42] c) alveolar capillary diffusion limitation 6, 40 d) ventilation-perfusion inequality [43] [44] [45] [46] [47] and e) combinations of these factors.
The pathogenetic hallmark of HPS is microvascular dilatation within the pulmonary arterial circulation. 6, 41 These changes may result from decreased pre-capillary arteriolar tone alone or could involve additional mechanisms such as angiogenesis, remodeling, and vasculogenesis, which have been recently suggested. 48 In human models, the vasodilatation is assumed to result from excessive vascular production of vasodilators, particularly nitric oxide (NO). This has been based on the observation that exhaled NO levels, a measure of pulmonary production, is increased in cirrhotic patients with HPS 49 and normalizes after OLT [50] [51] [52] as HPS resolves. Pulmonary alveoli is a major source of increased NO production in cirrhotic patients 53 and also overexpression of both inducible (iNOS) and constitutive (eNOS) isoforms are seen in alveolar macrophages and pulmonary endothelial cells of cirrhotics, respectively. 54, 55 In addition, a case report revealed that acute inhibition of NO production or action with NG-nitro-L-arginine methyl ester (LNAME) or cyclic GMP inhibitor methylene blue, respectively, transiently improves HPS. [56] [57] [58] However, a recent study found that administration of inhaled L-NAME did not acutely improve intrapulmonary vasodilatation, 50 raising the possibility that factors other than NOS-derived NO effects on vascular tone contribute to HPS. Early studies have proposed that hemoglobin acts solely as a sink limiting NO access to vascular smooth muscle and opposing its vasodilatation role and inactivating it. 59 An emerging hypothesis is that NO additionally functions as a hormone. More recent work has shown that hemoglobin functions as both a reservoir and a vehicle for NO bioactivity. 60, 61 Sztrymf et al., 62 demonstrated that inhibition of TNF-α synthesis and iNOS induction by pentoxyfilline prevented HPS and the hyperdynamic circulatory syndrome. Overexpression of pulmonary ET-B receptors, also stimulates NO release in HPS. 63, 64 Intestinal endotoxemia accompanying cirrhosis may be an important factor in the development of hepatopulmonary syndrome. 65 The mononuclear-phagocyte system of the liver is important in clearing organisms from the portal circulation. During genesis of cirrhosis, the drained portal blood is obstructed, leading to swollen mucosa and weakened intestinal movements and decreased secretion of bile, which bring about the massive bacterial overgrowth in the lumen of the bowel, particularly profusion of Gram-negative enteric organisms and the production of endotoxin. On the other hand, defects in mucosal barrier function, reduction in healthy normal functioning hepatocytes and Kupffer cells and portal-systemic shunts can cause invasion of enteric organisms/en-
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dotoxin into blood and resulted in bacteremia and intestinal endotoxemia. Endotoxin itself in turn impairs mitochondria and lysosome in enteric epithelial cells with cell autolysis. Ultimately, a vicious cycle is formed between intestinal endotoxemia and the permeability of enteric mucosa. 66 Overproduction of TNF-alpha due to endotoxin stimulation of Kupffer cells via mitogen-activated protein kinase (MAPK) signal transduction pathway may be a major mechanism mediating the pathologic alterations of hepatopulmonary syndrome. 65 In addition, whether other mediators such as heme oxygenase derived carbon monoxide might contribute to intrapulmonary vasodilatation and would explain the lack of improvement of HPS with NO inhibition in some patients has not yet been established. 66 In animal models, however, there was a close correlation between decreased O 2 and endotoxin. Metabolic acidosis accompanying respiratory alkalosis is the primary type of acid-base imbalance. The alveolar-arterial oxygen gradient is sharply widened. Massive accumulation of giant macrophages in the alveolar spaces and its wall and widened alveolar wall architecture have been observed. The ratio of TC99M-MAA brain-over-lung radioactivity is increased. Endotoxin, TNF-alpha, endothelin-1 (ET-1), nitric oxide (NO) in plasma and carbon monoxide (CO) in lung homogenates are increased. 65 The number of bacterial translocations in mesenteric lymph nodes are increased.
In addition, prolonged treatment of CBDL (common Bile Duct Ligation) animals, at the time of ligation with norfloxacin to inhibit bacterial translocation and tumor necrosis factor-alpha (TNF-α) production, decreases macrophage accumulation and prevents the transient increase in iNOS, 68 supporting that TNF-α contributes to macrophage accumulation. Further, pentoxifylline, a non-specific phosphodiesterase inhibitor that increases intracellular cAMP levels and also inhibits TNF-α production in macrophages, 69 given over a similar time frame can prevent the onset or decrease the severity of HPS. 62 These agents initiated at the onset of liver injury can influence the development of the hyperdynamic state and may modify endothelin type B receptor expression and endothelin related signaling events in the pulmonary microvasculature.
Hypoxemia is postulated to be due to decreased oxygen diffusion across the dilated vessels along with a decrease in intrapulmonary blood transit time. The blood transit time is decreased due to the low vascular resistance in the intrapulmonary dilatations and the associated hyperdynamic circulation characteristic of liver disease. 70 Therefore, there is no true shunt and the PaO 2 can be significantly improved by supplementing oxygen. Finally, HPS patients have also been found to have decreased hypoxic pulmonary vascular constriction. 45, 71 Moreover, it is now evident that intrapulmonary vascular dilatations occur in one of the two patterns, viz. the more common Type I lesions characterized by diffuse pulmonary vascular dilatations with a good PaO 2 response to 100% oxygen, and Type II lesions are more discrete, localized dilatations that have a poor response to oxygen. 72 
Clinical features
The clinical features of HPS typically manifest as respiratory complaints and findings associated with chronic liver disease. The insidious onset of dyspnoea, particularly on exertion, is the most common complaint 73 but is non-specific. Platypnoea (shortness of breath exacerbated by sitting up and improved by lying supine) is a usual symptom. 74 Orthodeoxia, defined as arterial deoxygenation accentuated in the upright position versus the supine position, has been observed in a variety of conditions such as postpneumonectomy, recurrent pulmonary thromboemboli, and atrial septal defects. It is highly specific for HPS in the setting of liver disease. 75 The sensitivity of orthodeoxia for HPS is relatively low, but increases in cases of severe HPS. 76, 77 A cutoff value for orthodeoxia is defined by a PaO2 decrease of 5% or more, or 4 mmHg or more from the supine to upright position. 50 Its reported prevalence range is from 20% to 80% in patients with HPS. 73 Cough is not a common in HPS. Spider angiomata are commonly reported in HPS but are frequently seen in cirrhotic patients without HPS. One study observed that patients with these cutaneous lesions had more pulmonary vasodilatation and higher alveolar-arterial oxygen gradients than those without vascular spiders (A-aPO 2 : 20 mmHg versus 8 mmHg). 78 Clubbed fingers are common and the presence of spider nevi has been considered as one of the most sensitive clinical marker.
79
Diagnosis
A key factor in the diagnosis of HPS is the exclusion of causes other than HPS that may be involved in cirrhosis presenting with hypoxemia. These include intrinsic cardiopulmonary abnormalities, pulmonary atelectasis, pneumonia, ascites, pulmonary edema or hepatic hydrothorax. In cirrhotic patients with clinical symptoms and arterial blood gas compatible with hypoxemia, a chest X-ray must first be taken to rule out reversible conditions. Pulmonary function test should be performed to rule out the common intrinsic pulmonary disorders such as chronic obstructive pulmonary disease. HPS should be suspected in patients who have persistent hypoxia despite a normal chest X-ray or after following optimal treatment of the underlying conditions. 79 The P (A-a) O 2 seems to be an ideal parameter for the assessment of abnormalities of arterial oxygenation 80 in HPS. In cirrhosis patients, pulse oximetry may overestimate SaO 2 in nearly one half of patients. 81 In all cirrhosis medigraphic.com patients, in order to reliably detect hypoxemia, arterial blood gas analysis (ABG) analysis should therefore be considered when the SaO 2 value is 97% or less. In addition, if hypoxemia or HPS is strongly suspected based on history and physical examination, ABG analysis should be performed while breathing room air regardless of pulse oximetry. In HPS, ABG reveal an elevated age-adjusted P (A-a) O 2 with or without hypoxemia. The expected upper limit of normal for room-air P (A-a) O 2 at a given age (> 95% confidence interval) can be calculated using the following equation: P (A-a) O 2 = [0.26 age _ 0.43] + 10.
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The ERS Task Force (12) has proposed a classification system that uses arterial oxygen tension (PaO 2 ) to stage the severity of HPS. According to this system, a PaO2 <50 mmHg indicates very severe HPS, a PaO 2 in between 50 to 60 mmHg suggests moderate HPS and a PaO 2 in between 60 and 80 mmHg corresponds with mild HPS. (Table) Staging the severity of HPS is important as a means of predicting survival and determining the timing and risks of orthotopic liver transplantation. Contrast enhanced echocardiography is the preferred screening test for HPS. 83 It uses agitated saline or indocyanine green to produce microbubbles at least 15 µm in diameter which are then injected intravenously. Under normal circumstances, these microbubbles are trapped in the pulmonary microvasculature and then absorbed. 84, 85 In patients with intracardiac or intrapulmonary shunting, these microbubbles appear in the left sided of the cardiac chamber. 86 Differentiation between intracardiac and intrapulmonary shunting is based on the timing of when these bubbles are found in the left side chamber of the heart. In intracardiac right-to-left shunts, these bubbles appear in the left chamber of the heart within 3 heartbeats after they appear in the right chamber of the heart. In intrapulmonary shunts, these bubbles appear in 4-6th heartbeats. Moreover studies revealed that transesophageal echocardiography is more sensitive than transthoracic echocardiography in demonstrating intrapulmonary shunting. 87 In a patient with liver disease or portal hypertension, hypoxemia with positive contrast echocardiogram in the absence of significant cardiopulmonary disease, the diagnosis of hepatopulmonary syndrome can be considered. The disadvantages are, it cannot quantify the shunting, it cannot differentiate between intrapulmonary vascular dilatation and direct arteriovenous communication and, even though contrast echocardiography is highly sensitive for HPS, it lacks specificity. 88 Finally, in patients with concomitant intrinsic lung diseases, the contribution of HPS to arterial desaturation cannot be defined by contrast echocardiography. 82 In order to overcome the disadvantages of contrast echocardiography, 99mTechnetium macroaggregated albumin (Tc-99m MAA) lung perfusion scan is used to diagnose HPS. [89] [90] [91] The albumin macroaggregates are more than 20 µm in diameter. Under normal circumstances, they are entrapped in the pulmonary vasculature. In patients with intracardiac or intrapulmonary shunts, these albumin macroaggregates can escape from the pulmonary vasculature and be taken up by other organs. In healthy individuals, less than 5% of isotope can be quantified in the brain. In HPS patients, the fraction is more than 6%. In a cohort study, Tc-99m MAA lung perfusion scan identified all cirrhotic patients with HPS who presented with moderate to severe hypoxemia, and yielded negative results in those without HPS and in all non-cirrhotic hypoxic patients with intrinsic lung disease. Thus, Tc-99m MAA scan may be useful test for the diagnosis of HPS. In cirrhotic patients with concomitant intrinsic pulmonary disorders, the fraction of Tc-99m MAA scan can define the significance of the HPS in clinical hypoxemia.
14 That study also showed an inverse correlation between the magnitude of the shunt fraction and arterial oxygen saturation. The major disadvantage of Tc-99m MAA scan is that it cannot differentiate intracardiac from intrapulmonary shunting. The shunt fraction of Tc-99m MAA scan also does not correlate with the response of PaO 2 after institution of 100% oxygen.
While abnormal pulmonary function studies are frequently observed in HPS, these lack specificity. 82 In the absence of concomitant obstructive or restrictive lung disease, measurements of total lung capacity and expiratory flow rates in HPS patients are generally normal. Diffusion impairment is commonly seen in HPS. 88 In one study, the diffusing capacity for carbon monoxide (DLCO) was less than 80% of the predicted value in 15 of 18 patients with HPS. 78 However, the presence of decreased DLCO with normal spirometry is not specific for HPS, and is routinely observed in patients with early interstitial lung disease, vasoocclusive disease, and profound anemia.
A pulmonary arteriography study in patients with HPS reveal two types of vascular patterns, 89 type I or diffuse pattern and the type II or focal pattern. The minimal diffuse type I pattern is characterized by the presence of normal vessels or finely diffuse spidery vascular abnormalities. The advanced type I pattern is characterized by a diffuse spongy or blotchy appearance. The type II pattern is a less frequent finding. Patients with advanced type I or type II patterns show a poor response to 100% oxygen. Pulmonary angiography is expensive and invasive and has a low sensitivity for detecting intrapulmonary vasodilatation. Therefore, it is not routinely utilized in the diagnosis of HPS.
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High-resolution chest computerized tomography (CT) and evaluation of pulmonary blood transit time are newer diagnostic modalities for assessing HPS. In one study, the degree of pulmonary microvascular dilation observed on chest CT correlate with the severity of gas exchange abnormalities in patients with HPS, suggesting that quantification of intrapulmonary vasodilatation was possible. 90 In yet another study, pulmonary transit time of erythrocytes, measured by echocardiographic analysis of human serum albumin air microbubble complexes through the heart, also correlated with gas exchange abnormalities in a small group of patients with HPS. 91 Whether these techniques have diagnostic utility for HPS remains to be determined.
Treatment and prognosis
Liver transplantation is the only established effective therapy for HPS based upon the total resolution or significant improvement in gas exchange post-operatively in more than 85% of reported patients. 92 In a retrospective study by Krowka et al. 93 an improvement or normalization of hypoxemia in about 80% of patients after liver transplantation. However, duration for arterial hypoxemia to normalize after transplantation is variable and may be more than 1 year. 92 In addition, mortality is increased after transplantation in patients who have HPS compared with subjects who do not have HPS, 94 and unique post-operative complications, including pulmonary hypertension, 95 cerebral embolic hemorrhages, 96 and immediate postoperative deoxygenation requiring prolonged mechanical ventilation. 97 Innovative approaches such as frequent body positioning 98 or inhaled NO 93, 99 have been used to improve post-operative gas exchange even though exact pathophysiology is unknow. Further investigations have focused on the peri-operative medical management of HPS patients to optimize survival.
Oxygen supplementation remains the mainstay of therapy for HPS patients when PaO 2 < 60 mmHg or in conditions with exercise-induced oxygen desaturation. Anecdotal evidence supports that enhancement of arterial oxygenation improves exercise tolerance and quality of life in hypoxemic patients with HPS. Hypoxemia is well recognized to adversely affect hepatocyte function 100 and so oxygen supplementation is a low risk treatment option.
The effects of transjugular intrahepatic portosystemic shunt (TIPS) on HPS in cirrhosis are limited and controversial. In one study, TIPS failed to improve oxygenation in one patient and in two patients HPS was precipitated in the setting of functional TIPS. 101 There are currently no effective medical therapies for HPS. Small uncontrolled studies have reported a lack of efficacy using sympathomimetic agents, somatostatin, almitrine, indomethacin, and plasma exchange. 25 Aspirin increased arterial oxygenation in two children who had HPS. 102 A case report 103 and subsequent open label trial 101 using garlic also suggest a beneficial effect. In the latter trial, garlic powder was administered for a minimum of 6 months. Six of 15 (40%) patients with HPS showed improvements greater than 10 mmHg in the PaO 2 , and one subject have had resolution of hypoxemia (PaO 2 : 46-80 mmHg) over a 1.5-year period. Acute infusion of methylene blue, a dye that inhibits the effect of NO on soluble guanylate cyclase, has also shown a transient improvement in oxygenation in eight patients. 57 Acute administration of inhaled L-NAME, to inhibit nitric oxide production, also transiently has improved oxygenation in one patient (PaO 2 : 52-70 mmHg), but failed to significantly alter oxygenation in another group of 10 patients. 58 Finally, a single case report suggests that norfloxacin also may have contributed to improvement in oxygen saturation in HPS. 104 These reports do underscore the need to evaluate agents targeted at likely pathogenetic mechanisms in randomized multi-center trials.
Conclusion
HPS occurs when pulmonary microvascular dilatation impairs arterial oxygenation in the setting of liver disease or portal hypertension. The syndrome is found in up to 15-20% of patients with cirrhosis and should be considered in any patient with chronic liver disease who develops dyspnoea or hypoxemia. The presence of HPS increases mortality in the setting of cirrhosis and may influence the frequency and severity of complications of portal hypertension. The recognition in experimental models that a unique sequence of molecular alterations leads to endothelin-1 and TNF-α modulation of pulmonary microvascular tone may lead to the development of novel and effective medical therapies. Contrast echocardiography and standard cardiopulmonary testing are generally sufficient to make the diagnosis of HPS but further testing may be needed in patients who have both intrinsic cardiopulmonary disease and intrapulmonary vasodilatation. Treatment comprises of supplemental oxygen and orthotopic liver transplantation if significant hypoxemia is present.
